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A nunber of technol ogies are available to clean up, or renedi ate, soi
and groundwater contam nated by |eaking underground storage tanks
Met hods which treat soil in place are known as in situ treatnents.
O her nethods require excavating soil and transporting it off-site for
treatnent. Quite often, nore than one technology is appropriate at a
site. Wiich nethods are best for cleaning up a particular site depend
upon such factors as cost, speed, disruption of the site, physical
| ayout, and the ability of the nethod to neet cleanup criteria.

In Situ Soil Renedi ati on Met hods

Because in situ renediation treats soil in place, it has the advantage
of causing mnimal disruption to a site. Additionally, in situ
treatment is often less costly than excavating soil for treatnent off-
site. In situ nmethods may have to be in place for years to conplete a
cleanup. In situ nmethods are typically used on projects where nore
than 100 cubic yards of soil have been contam nated, and they work
best on sandy or gravelly soils.

Soil Venting

Soil venting involves installing a shallow well or series of wells in
the soil and using a blower to punp air out of the soil. The air
flowng through the soil evaporates volatile contamnants from the
soi | and increases oxygen in the soil, which can pronote

bi odegradation. The vol atile conpounds are then either discharged to
t he atnosphere or renoved fromthe air stream by a treatnent device.
The aboveground equi prent consists primarily of a blower, and possibly
a water trap. Depending upon contamnation levels, an air treatnent
device may also be necessary. Cenerally, a site can be renedi ated
within a few years. However, renediation may take |onger at heavily
contamnated sites or at sites with diesel or fuel oil contamnation

In Situ Soil Biorenediation

Biorenediation is a technology in which petrol eum conpounds are broken
down by naturally occurring bacteria in the soil. The contam nants are
reduced to carbon dioxide and water, or other conpounds i ncorporated
into bacterial cells. The process nmay take one or nore years to clean
up a site. In general, the equipnent at a site includes a bl ower
system simlar to that wused for soil venting, which is used to
i ncrease oxygen levels in the soil. Also, an infiltration system may
be used to provide nutrients to the bacteria and mnaintain noisture
| evels. Prior DNR approval to add nutrients or water is necessary.

Passi ve Bi orenedi ation

At sites where conditions are suitable, the naturally occurring
bi odegradati on of contamnants can be used to essentially let a site
clean up itself wthout taking nore active neasures. In such cases
the costs involved are only for progress nonitoring. Since naturally




occurring rates of biodegradation are relatively slow, this approach
may take several to nmany years to clean up a site. Since no actions
are taken to speed up the process, this approach is nore suitable at
sites wth relatively low levels of contamnation where cleanup can
occur in a reasonable period of tine.

QG her In Situ Renedi ati on Met hods

O her nethods for in situ treatnment include: in situ soil washing,
steam stripping, and thernal -enhanced soil venting. These nethods tend
to be expensive and my be I|imted to cases wth unusual
ci rcunst ances.

Renedi ati on Met hods for Excavated Soi

D sposal at Asphalt Plants

Contam nated soil nmay be excavated and transported to approved asphal t
pl ants where the soil is added to the asphalt m x. Asphalt plants nust
have air nmanagenent permts to accept petrol eum contam nated soil, and
the permts my |imt the anount of contamnated soil a plant may
accept. GCenerally, asphalt plants prefer soil wth a high sand
content. Asphalt incorporation can be costly due to the high cost of
transporting and processing the soil. Additionally, contam nated soil
may have to be stored on-site for up to a nonth while soil sanples are
sent to |laboratories for chemcal analysis required by asphalt plants.
Since the soil is renoved fromthe site, clean soil is needed to fill
the excavation. The DNR maintains a list of approved asphalt plants
and nobile soil renediation units.

Thi n Spr eadi ng

In thin spreading, contamnated soil is spread out on a water-tight
surface, such as pavenent or fiber-reinforced plastic, and the
vol atil e conpounds in the soil are allowed to evaporate. Usually, soi
is spread out in a layer less than one-foot deep for a period of two
or nore nonths. In some cases, nutrients and noisture are added to
i ncrease biodegradation. A r nmanagenent rules regulate the rate at
which volatile conmpounds can be evaporated into the atnobsphere. The
advantages to using thin spreading as a cleanup nethod are that it is
one of the nost econom cal neans of cleaning soils wth |ow | evel s of
petrol eum contamnation, and it works well wth all soil types. A
di sadvantage to using this nmethod is the large area needed to treat
| arge quantities of soil.

Thermal Desorption

In thermal desorption, the soil is heated up or "roasted,"” then
contam nants evaporate from the contamnated soil. The vapors from
evaporation are then burned in a vapor-treatnent device. An inportant
advant age of thermal desorption is that soil is cleaned up quickly and
can be used to fill in the excavation. A disadvantage to using this
method is the anmount of space required at the site to set up the
equi pnmrent and stockpile soils. The departnent maintains a |ist of
thermal desorption units that treat contam nated soil.




Bi orenedi ati on/ Bi opi | e Renedi ati on
Biorenediation may also be used to treat contamnated soils that are

excavated, this is called a biopile. The soil is piled on an
i npervious surface and a plastic cap is placed over the pile. Ar is
punped through the soil and nutrients nmay be added to pronote

br eakdown of the contam nants.

Disposal in Landfills
Contam nated soils can be excavated and transported to sanitary

landfills for disposal. Due to requirenents for landfill design and
operation, only a small nunber of landfills are currently accepting
contamnated soil. As with disposal at asphalt plants, soil may have
to be stored on-site while sanples are being analyzed. D sposing of
soil in a landfill can be very costly due to transportation costs and
landfill tipping fees. Mdst landfills maintain records of who di sposed
of wastes in the landfill. Tank owners and operators, as generators of
contamnated soils, may be legally liable for investigation and

cl eanup costs at landfills where they di sposed of contam nated soil s.

Q her Met hods

O her nethods include: soil washing and biorenediation in a slurry
reactor. These technol ogi es may becone nore prevalent in the future as
they becone nore cost-effective. These technol ogies can be used on-
site, or the soil can be transported off-site to a treatnent system

Product Recovery Met hods

Product recovery involves physically punping the petroleum product
from the top of the water table. Punping product separately from
contamnated groundwater is only effective when a |arge anmount of
product has been lost. Product recovery is alnbst always conducted
si mul taneously w th groundwater punping. The product is stored on-site
temporarily in a product tank and periodically trucked off-site to be
recycled. CGenerally, some of the collection and separation equi pnent
is housed in a small shed oil-site.

G oundwat er Renedi ati on

G oundwat er Extraction

Cenerally, groundwater renediation involves punping contam nated
groundwater to the surface for treatnent before discharging to surface
waters. Recovery wells ranging from 4 to 24 inches in dianeter are
used to punp water to the surface. The depth of a well depends on site
conditions. In sone very fine-grained soils, like clay or silt, a
trench system may inprove the flow of contamnated groundwater to a
recovery well. In these cases, a trench is cut into the soil and
backfilled with gravel into which a well is installed. The recovery
well i1s usually housed under a small enclosure. However, if necessary,
the top of the well and associated piping can be installed under a
manhole in |ocations such as parking lots and driveways. Depending
upon the extent of contam nation, a nunber of nethods can be used to
treat contam nated ground water




G oundwat er Treatnent by Air Stripping

Alr stripping i1s a process that transfers volatile organic conpounds
fromwater to air. There are two common nethods of air stripping to
clean up contamnated groundwater. In the first nmethod, a tower is
constructed in which contam nated groundwater drips downward through
an air stream flowng upward. The tower is filled with a specially
designed, perneable material called packing. The packed tower is
usually less than 3 feet in dianmeter, but the tower may be 15 to 30
feet tall. The second nethod involves bubbling high pressure air
through contamnated water in a tank system The tank is typically
located inside a snmall shed. There are specific advantages and
di sadvantages for each type of air stripping, so systens should be
designed on a site-specific basis. Punping rates, | evel of
contamnation, and other factors determne the system design. Ar
monitoring is required. Followng treatnent, the water is wusually
discharged to a surface water body, which requires a wastewater
di scharge permt.

G oundwat er Treatnent by Granular Activated Carbon Filtering

Contam nated groundwater can be punped through a granular activated
carbon filter that traps contamnants. The carbon in the filter
eventual ly becones saturated and ineffective at cleaning the
groundwat er. Wen that happens, the carbon is replaced and the old
carbon is disposed of or regenerated. Again, punping rates,
contamnation |levels, and other factors determne the system design.
Followng treatnent, the water is wusually discharged to a surface
wat er body. This action also requires a wastewater discharge permt.

G oundwat er Punpi ng and Sanitary Sewer D sposal

At sites with very Tow punping rates, the nost cost-effective nmeans to
di spose of contamnated groundwater may be to discharge the water
directly into the sanitary sewer systemfor treatnent at the Publicly
Omed Treatnment Wrks (POTW. In order to discharge into the sanitary
sewer, the contamnated water will have to neet the POTWs standards
for acceptable levels of contamnation. Cccasionally, no on-site
treatnent is needed. However, sites wth heavily contam nated
groundwater nmay require on-site pretreatnment to bring the punped water
to acceptable standards. Initial project costs for POTWtreatnent are
typically very low conpared to other treatnment nethods because
treat ment equi pnent does not al ways need to be purchased and installed
at the site. Prior approval fromthe POTWis necessary. The costs-per-
gallon are typically quite high, conpared to on-site treatnent,
because there is a fee for discharging contamnated groundwater to the
sanitary sewer. Discharge fees may result in POTWtreatnent not being
cost-effective on larger projects with high punping rates.

Al r Spargi ng

Alr sparging is a process where air is punped into the groundwater.
The air then aerates the water nuch like an air stripper. This nethod
wor ks best at sandy sites and cannot be used at sites where there are
| ayers of sand and clay. In alnost all cases, a soil venting systemis
used with an air sparging systemto extract the vapors.




In Situ G oundwat er Bi orenedi ati on

Biorenediation is a technology in which petrol eum conpounds are broken
down by naturally occurring bacteria in groundwater. The contam nants
are reduced to carbon dioxide and water which are incorporated into
bacterial cells. The process nmay take one or nore years to clean up a
site. A groundwater extraction well and an infiltration system may be
used to provide nutrients to the bacteria, naintain noisture |evels,
and carry oxygen to groundwater. Prior DNR approval to add nutrients
or water i s necessary.

G oundwat er Treatnent by O her Mt hods

O her met hods for gr oundwat er t r eat nent i ncl ude: ul traviol et
radiation, use of bioreactors, and reverse osnosis for netals
cont am nat i on.

Cont ai nment Met hods

Cont ai nment m ght be used on very large sites where the cleanup costs
woul d be extrenely expensive, where there is no feasible cleanup
technol ogy, and where there is little risk of contamnation mgrating
to groundwater. Containnent is essentially building a barrier around
the contamnation with inperneable walls constructed into trenches and
sealing the ground surface to prevent infiltration. Since containnment
permanently restricts future land use, it is only used when there is
little or no risk of the contam nation spreading after containnent,
when technology to clean up a site is limted, and the cost to renove
the contamnation would be many mllions of dollars. Prior DNR
approval is required.

Usi ng More Than One Renedi ati on Technol ogy

More than one technology is often used at a site. As an exanple, a
small site with no groundwater contam nation may use asphalt disposa
for the soils that were adjacent to the tank locations and soi
venting for the rest of a site. A heavily contamnated site that has
groundwat er contam nation may include: product recovery, one or two
different technologies for soil cleanup, and one or two different
t echnol ogi es for groundwater cleanup. There is no generic plan that is
perfect for all sites. Each site has different conditions that require
remedi ation to be designed specifically for that site.



